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(3) Thermal barrier coating process. 

@ A prpoess of provide a thermal barrier coat- 
ing on a metal substrate comprises the steps 
•of: 

a) applying a metallurgical bondcoat (12) to 
the substrate (10) ; 

b) depositing a first arconla layer (14) on the 
bondooat(12); 

c) deposing a second zirconia layer (16) on 
• the first zirconia layer (12); and 

d) controlling substrate temperature during 
steps b) and c) to provide the first zlrcona layer 

..(14) wlft substanti ally zero porosity and to~pn> 
vlda ttSjacond Timsnnia layar pB) M tft between^ 
About 10% and 20% pojBgJjy. 

A product produced by the' process b also 
. disclosed. 
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TECHNICAL HELD 

This invent bn relates to a process for providing 
a thermal barrier coating on industrial gas turbine 
components such as combustion liners and transi- 
tion pieces. 

BACKGROUND PRIOR ART 

Thermal barrier coating (TBC) systems are wide- 
ly used in high temperature applications to provide 
oxidation and thermal resistance protection to metal- 
lic substrates under high thermal gradient conditions. 
Conventional TBC'e are applied by various powder 
spray deposition processes, and consist of an Inter- 
mediate metallic bond coat attached to the substrate 
and a topcoat of stabilized ziroonla, The zircon la may 
be phase-stablllzad with between 6 and 22 weight 
percent yttria, or alternatively, magnesia, oaria or 



SUMMARY OF TOE INVENTION 

The objective of thb Invention is to provide a su- 
perior TBC coating through plasma spray deposition 
5 of an initial ziroonla deposit with a columnar micro- 
structure achieved with controlled substrate preheat 
This first or inner layer promotes good adherence, 
and Is followed by a smooth, In-process transition to 
conditions which favor deposition of a controlled po r- 
ro oslty, nighty thermal resistive zkconla outer layer. 

A more specific objective of this invention Is to 
provide a cost-effective coating process for large sur- 
face area components such as industrial landbased 
gas turbine combustion liners and transition' pieces, 
15 which typically require TBC coatings over 1500-2000 
square inches of surface area. 

The advantage of this two-layerzirconiaTBCmi- 
crostr ucture Is that it maximizes thermal cycling re- 
sistance and thermal resistivity at an overall lower 
coating thickness. This will result in reduced manu- 
facturing cycle time and cost Further reductions in 
cycle time may be achieved through Increases in 
powder deposition rates, particularly far the outer zir- 
oonla layer, since a porous structure may be easier 
25 to achieve and control In this manner. 

The coating process of thb Invention thus pro- 
duces a thermaBy resistant surface layer comprised 
of two layers (transitioned through grading of poros- 
ity) of stabilized ziroonla ceramic attached to an exi- 
st) dation and corrosion resistant metallic bondcoat, 
which Is itself metaflurgical ly bonded to a metallic sub-, 
strata. 

More specifically, an air plasma spray process 
used to deposit the inner stabilizeoVzlrconla layer, 

ss however, is controlled to produce a dense, columnar 
mlcrostrudure which has lower thermal resistivity, 
but which b. extremely wed adhered to the metallic 
. bondcoat and which also provides maximum thermal 
cycling resistance to the composite, multi-layered 

40 coating system. The outer stab! feed ztoo'nla layer is 
applied by the atr plasma spray deposition process to 
produce a controlled mtcrostructure containing mini* 
mat cracks and approximately 10 to 20% porosity, 
which enhances thermal resistivity of the layer. 

46 In accordance wtth the broader aspects of the in- 
vention, therefore, a process Is provided for applying 
a thermal barrier coating to a metallic substrate 
which comprises the steps of: 

a) applying a metallurgical bondcoat to the sub- 
60 strata; 

b) depositing a first ziroonla layer on the bond- 
coat, the first ziroonia layer having a dense, coV- 
wnnar rnlcrostnictura; and 

c) depositing a second ztoonia layer on the ffrst 
ziroonia layer, the second ziroonia layer having a 
microfracture having a porosity of between 10 
end 20%. 

In another aspect, the Invention relates to a gas 
2 



similar oxides, These coatings typically exhibit an un- 
cracxeo Soporous mtcrostructure. This type of proc- 
essing Is done with minimal substrate preheat, and Is . 
limited to a maximum coating thickness of 25 to 30 
mil. In addition, thermal cycling resistance is signifi- 
cantly reduced due to coating spallation via cracking 
and separation between the bondcoat and initial zir- . 
conia deposit at that interface. 

More recently, superior-adherence and thermal 
cycling resistance of ziroonia to a bondcoat has been 
achieved by virtue of a controlled microstructure. 
This is obtained by. preheating the substrate to at 
least 600?F. before and during deposition of the zir- 
conia, which produces a dense, columnar deposit 
which is precrackfid perpendicular to the Interface. 
This readily allows the deposition and retention of a 
thick ceramic layer of up to 100 mil in thickness. 

Control of the Initial ziroonla layers deposited via 
thb process Is critical to the thermal cycling resis- 
tance of this TBC. In part, control is achieved through 
process parameter optimization and par-pass pow- 
der Injection rates which are generally lower than con- 
ventional processing. Hence, this coating has a high- 
er thermal conductivity per unit thickness than the 
porous conventional coating described above, by as 
much as 30 to 50%. Therefore, this coating may have 
an effective thermal resistance only one-third that of 
fts.absolute thickness advantage. 

Another process for applying a ceramic thermal 
barrier to a metallic substrate b disclosed in VS. Pa- 
tent No. 4,003,130. This patent describes a process 
where graded ceramicAnetainc layers are applied be* 
tween the bondcoat and two upper layers of ceramic, 
one dense and one porous. 

■Jo U.S. Patent No. 4,613,259, apparatus b dis- 
closed for controlling powder flow rate In a carrier 
gas. The apparatus is employed specifically to con* 
troJ the production of graded ceramic/metallic layers 
one substrate. 
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turbine component having a thermal barrier coating 
thereon, applied by the above described process. 

By the above described invention, a superior 
thermal barrier coating is achieved which exhibits ex- 
cellent adhesion, thermal cycling and oxidation resis- 
tance, and high thermal resistivity. 

Additions] objects and advantages of the Inven- 
tion wiD become apparent from the detailed descrip- 
tion which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 1s a cross section of a metal substrate 
provided with a thermal barrier coating In accordance 
with a first exemplary embodiment of the Invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

With reference to the Rgure, a schematic illus- 
tration of an exemplary embodiment of the invention 
Is shown to include a metallic substrate material 10 
with a bondcoat 12 metallurgical bonded thereto. 
The substrate 10 may be, for example, a large super- 
aOoy surface area component of an industrial gas tur- 
bine engine. More specrficaDy, the substrate may be 
a combustion Ener or a transition piece (connecting 
the combustion chamber totted 
component which typically requires a thermal barrier 
coating over 1500-2000 square inches of surface 
area. 

The metallic bondooat 12 may be applied by a va- 
riety of thermal spray processes Inducing air or va- 
cuum plasma, o r High Velocity Oxy-Fuel (HVOF) de- 
position to a suitable thickness, and may comprise 
MCiAJYchemkal compositions, where Mrs Co, Nl, Fe 
or combinations of these elements. For example, one 
such bondcoat may comprise 10-30% weight Chro- 
mhan,.3-13 wt% aluminum, and 0.05 to 1.0 wt% ytt- 
rium or other rare earth elements, andthe balance M. 

An inner stabilized zlrconia deposit layer 14 Is ap- 
plied to the bondcoat 12 by an air plasma spray proc- 
ess. The process b controlled (by substrate preheat) 
to produce 8 dense (La., substantially zero porosity), 
columnar microstructure which has lower thermal re- 
stetMry, but which Is extremely well adhered to the 
metallic bondooat 12. In this regard, it is not neces- 
. sary in this process to apply graded layers (transi- 
tioning from all metai to all non-metallic) to insure ad- 
herence between layer 14 and the metafile bondcoat 
12. More specifically, the substrate temperature is 
initially elevated to a temperature in excess of 600°F. 
and up to about 1200°F. or higher to provide the 
dense, columnar microstructure. The thickness of 
this inner layer 14 is preferably between about 2 and 
about 20 mil, but may be greater. This inner layer 14 
provides maximum thermal cycling resistance to the 
composite, multi-layered coating system. 



Following the deposition of the inner layer 14, the 
process is continued under conditions which favor 
the deposition of a controlled porosity, highly thermal 
resistive zlrconia outer layer 16, having a thickness of 
5 between about 10 and about 45 mil. The outer zirco- 
nia layer 16 Is also applied by the air plasma spray de- 
position process to produce a controlled microstruc- 
ture containing minimal cracks and approximately a 
10 to 20% porosity, which enhances the thermal re- 
ra sistivtty of the layer. This Is achieved by permitting 
the substrate 10 to cool to a lower temperature, be- 
tween ambient and up to about 600°F. As a result of 
the continuity of the. process, a transition zone be- 
tween the Inner and outer layers Is created which has 
15 a porosity of between 0 and about 10%. 

By thus controlling the substrate heat before and 
during deposit of the zlrconia layers 14 and 16, it is 
possible to control the densltyfporostty of the layers 
and thereby maximize the adherence of the inner lay- 
20 er 1 4 to the bondcoat 12, and at the same time, max- 
imize the thermal resistivity of the outer layer 16. 

Trie advantage of this two-layer zirconia TBC mi- 
crostructure is that it maximizes thermal cycling re- 
sistance and thermal resistivity at a lower total coat- 
25 Ing thickness. This will result in reduced manufactur- 
ing cycle time and cost Further reductions In cycle 
time may be achieved through increases in powder 
deposition rates, particularly for the outer zlrconia 
layer, since a porous structure may be easier to ach- 
. ao leve and control In this manner. 

While the invention has been described with re- 
spect to what is presentfy regarded as the most prac- 
tical embodiments thereof, It will be understood by 
those of ordinary.skfll In the art that various altera- 
35 tions and modifications may be made which never- 
theless remain within the scope of the Invention as 
defined by the claims which follow. 



40 Claims 

1. A process of producing a thermal barrier coating 
on a metal substrate comprising the steps of : 

a) applying a metallurgical bondcoat to the 
45 substrate; 

b) depositing a first zirconia layer on the 
bondcoat the first zirconia layer having a 
dense, columnar microstructure; and 

c) depositing a second zirconia layer on the 
. so first zirconia layer, the second zirconia layer 

having a microstructure with a porosity of be- 
tween 10 and 20%. 

2. The process of Claim 1 wherein steps b) and c) 
ss are carried out using an air plasma spray proc- 
ess. 

3. The process of Claim 1 or 2 wherein step a) is 

3 
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. carried out using a thermal spay process. 

4. The process of any preceding daJm wherein the 
substrate is comprised of a suparafloy , 

6 

5. The process of claim 1 wherein the first zirconla 
layer has a thickness of between about 2 and 
about 20 mil. 

6. The process of Claim 1 wherein the second a'r- 10 
conia layer has a thickness of between about 10 

.' and about 45 mJL 

7. A process of providing a thermal barrier coating 
on a metal substrate comprising the steps of : 

a) applying a metallurgical bondcoei to the 
substrate; 

b) depositing a first zirconla layer on the 
bondcoat; 

c) depositing a second zirconla layer on the 
first zirconla layer, and 

d) controlling substrate temperature during 
steps b) and c) to provide said first zirconia 
layer with substantially zero porosity and to 

. provide said second zirconla layer with about 
10% porosity, 

B. The processofany preceding claim wherein, dur- 
ing step b), the substrate is maintained at a te m- 
; perature about 600 C R 39 

9. The process of any preceding claim wherein dur- 
ing step a), the substrate Is maintained at a tem- 
perature of less than 600°F. 

10. The prooeseofany preceding claim wherein said 
bondcoat comprises an alloy of MCrAJY where M 
Is one of Go, Nl, Fe or combinations thereof. 

11. A gas turbine component having a surface pro- 40 
. vided with a thermal barrier coating In eccor- 

danoe with the process of Claim 1. 
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